• Corresponding author Email: F.Busetti@exchange.curtin.edu.au and their concentrations therefore need to be controlled in treated wastewater effluents 7 [1] [2] [3] . PAHs are ubiquitous environmental pollutants with carcinogenic and mutagenic 8 properties, which were also included in the Italian guidelines (Decree of April 23, 1998 9 for Water quality requirements and characteristics of purification plants to safeguard the 10 Venice Lagoon) for treated waste monitoring programs [4] . As a consequence of their 11 strongly hydrophobic properties and their resistance to biodegradation, PAHs are almost 12 quantitatively removed from wastewaters by activated sludge treatments, which very 13 efficiently relocate them into sludges [3] . Hence, residual suspended solids in treated 14 effluents and in sludges from WWTPs may contain very high concentrations of PAHs 15 [5] [6] [7] . Moreover, the practice of recycling sewage sludges directly, or after composting, 16 onto agricultural lands, poses an additional risk of soil contamination via leaching of 17 using reverse phase or polymeric sorbing materials [1, 10, 15] . Because of their 1 demonstrated versatility, selectivity and reproducibility [20] , SPE techniques have been 2 successfully applied, as extraction-enrichment-clean up procedures, to a wide range of 3 environmental aqueous matrices such as surface water [21] , precipitation [22] , seawater 4 [23] and wastewater [1, 9] samples. Adverse effects related to losses of PAHs during 5 SPE procedures, have been extensively discussed by many authors. SPE parameters 6 such as sorbing materials [24] [25] , flow rate through cartridges [22] , organic modifier 7 quality and/or content [22, 24] , breakthrough volumes [22] , eluting solvents [21, 22, 27] and interfering effects of humic acids [21] , have been demonstrated to affect 9 recovery rates and method reproducibility. The low solubility and hydrophobicity of the 10 PAHs leads to problems of adsorption during sampling, storage and SPE procedures, 11 and, in order to avoid these negative interferences, selected organic solvents, such as 12 acetonitrile, 2-propanol or methanol are usually added as modifiers to the water samples 13 [22, 24, 28] . In this work, the effects of different percentages of 2-propanol as an 14 organic modifier were tested, processing large volume of aqueous samples through C 18
Many methods to extract PAHs have been successfully applied to a wide range of solid 19 samples. Some of these have used mechanical shaking [29] , Soxhlet extraction and 20 ultrasonic extraction [13, 29] as well as alternative extraction techniques such as 21 pressurized hot water extraction (PHWE) [30] , supercritical fluid extraction, pressurized 22 liquid extraction, focused microwave extraction in open vessels [13] . Irrespective of the 23 extraction procedure used, the high content of organic matter has posed a major problem 24 15 cartridges. The studies were based on the research of El ArracK et al. (1996) [24], Kiss 16 et al. (1996) [22] and Urbe et al. (1997) [28] , who investigated the influence of different 17 in trace analysis of organic compounds in sewage sludges. Fats, proteins, carbohydrates, 1 amino acids, lignin, sugar celluloses, humic materials and fatty acids constitute about 2 40-80% of sewage sludge dry weight, and a great proportion of these interfering 3 compounds are co-extracted with the analytes [31] [32] . Raw extracts from solid samples, 4 are typically subjected to clean up treatments based on normal phase extractions using 5 glass columns filled with Alumina, Silica gel and magnesium silicate (Florisil) [3, 11, 6 29]. These procedures are laborious, not easily automated and time consuming [14, 36]. In routine environmental analysis, in order to simplify and shorten extraction and 8 clean up procedures, a faster and more reliable method is required. The aim of this 9 study was to improve the SPE procedures for the recovery of the 16 US EPA PAHs by 10 means of recovery experiments involving the processing of large sample volumes (900 11 mL), spiked analyte levels to match the expected environmental concentrations of PAHs
12
(1-100 ng/L) and using different percentages of 2-propanol as organic modifier and were validated using an EPA certified reference material. Instrumental analyses were 22 performed using HPLC coupled with both UV-DAD and fluorescence (FL) detection. Torrance, CA, USA). Glassfiber filters (GF/F, 0.7µm) were purchased from Whatman 16 (Clifton, NJ, USA). Acetonitrile, 2-propanol, acetone, n-hexane, were HPLC ultra-17 gradient solvents (Romil, Dublin, Ireland) . The water for chromatographic purposes was 18 purified using a Milli-Q system (Millipore, Bedford, MS, USA). All the working conditioned at a flow rate of 3 mL/min with sequential elution of acetonitrile (9 mL), 2-18 propanol (9 mL) and a solution of Milli-Q water: 2-propanol (12 mL) proportional to propanol (30 mL; 95:5 v/v, 90:10, v/v; 85:15 v/v, 24 before homogenization of samples, lyophilization and storage in dark jars 4 at 4 °C prior to extraction. Laboratory glassware for analytical purposes was cleaned 5 with n-hexane, 2-propanol and Milli-Q water before use. Aluminum foils and Whatman 6 GF/F filters were pre-cleaned by sonication using n-hexane and 2-propanol and then wastewaters, were treated as described above, except that the spiking solution was not 6 added to them. Concurrently with wastewater samples, Milli-Q water (1000 mL) was 7 extracted as a procedural "blank". into a flask and then extracted using the method described above. 
Chromatographic separation and detection

21
The sample extracts were injected in an Agilent 1100 HPLC system (Palo Alto, CA, (1000 mL) of spiked water samples are processed through the cartridges. 2.4 for more details concerning sampling points and sample treatment, respectively).
10
Quantification of PAHs in spiked samples was carried out using a standard addition 11 method. The average percentage recoveries obtained from the spiked samples (Table 5) 12 were corrected by subtracting the contributions attributed to PAHs in the corresponding showed average recovery percentages in the range 71-95% (Table 5) . These results
5
suggest that the organic modifier used to prevent unwanted adsorption of spiked PAHs onto surfaces during sample processing, can also help to prevent adsorption of 7 the weakly retained interfering organic material onto the SPE phase. Table 5 , Site 1* and Site 7*). Listed in Table 6 are the reference values, the confidence intervals and the prediction 9 intervals for the certified material, and the analytical mean values, the percent 10 recoveries and the RSDs determined using the method described in this paper. The (see Table 4 ). This observation demonstrates that the very large sample volumes (~1000 10 mL) that were used in this study are necessary to detect PAHs in filtered aqueous comparable amounts of such pollutants in sludges.
4-CONCLUSIONS
The analytical methods decribed in this study were shown to be reliable for the 3 determination of the 16 US EPA PAHs in both solid and liquid samples from a WWTP.
4
In particular, it was demonstrated that large sample volumes, could be processed 
